CF 3 COOK·H 2 O, oleic acid (OA), oleylamine (OM), and 1-octadecence (ODE) were purchased from Sigma-Aldrich (China). Ln(CF 3 COO) 3 .4H 2 O was prepared as reported in the literature.
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General procedure for the preparation of nanorod-tagged polystyrene beads. In a typical procedure, 100 μL of polystyrene beads (diameter 9-9.9 μm, 5% w/v) were first dispersed in the mixture of 1 mL 1-butanol and 1 mL dichloromethane, and then 500 μL dichloromethane solution containing 20 mg/mL multilayer-structured KSc 2 F 7 nanorods was added and kept shaking gently at room temperature for 3 h. Thereafter, 4 mL of ethanol was added into the above mixture to stop the swelling of polystyrene beads, and the resulting nanorod-tagged polystyrene beads were collected by centrifugation at 6000 rpm for 5 min, washed with ethanol 3 times and redispersed in ethanol.
Preparation of water-soluble KSc 2 F 7 nanorods. To render the hydrophobic nanorods hydrophilic, we removed the original OA ligands from their surface by acid treatment as previously reported. 2 In a typical process, 20 mg of the assynthesized OA-capped KSc 2 F 7 nanorods were dispersed in 30 mL of acidic ethanol solution (pH 1) and ultrasonicated for 30 min to remove the surface ligands. After the reaction, the nanorods were collected by centrifugation at 12000 rpm for 10 min, and further purified by adding an acidic ethanol solution (pH 4). The resulting water-soluble KSc 2 F 7 nanorods were washed with ethanol and distilled water for several times, and then re-dispersed in distilled water for the following use.
Inkjet printing or handwritting of multilayer-structured KSc 2 F 7 nanorods on banknote. A common ink cartridge of the commercial inkjet printer (HP Deskjet 1112) was washed with ethanol until the ink was completely cleared away.
After the vacant cartridge was dried, 1 mL of water solution of water-soluble multilayer-structured KSc 2 F 7 nanorods (30 mg/mL) was injected into the HP 803 cartridge. Subsequently, the printing was carried out by an inkjet printer connected with a computer, and thus the nanorods were patterned on a piece of A4 paper. The two-dimensional (2D) code and multicolored sketch were printed by using the inkjet printer, while the Arabic numbers of "123456" were handwritten on the A4 paper. The colorful UC luminescence pictures were taken by a Canon 70D camera upon irradiation using a 980-nm diode laser at a power density of ~200 W cm -2 , where a short pass filter of 750 nm was placed in the front of the camera to filter the 980-nm excitation light. we synthesized via a modified stepwise oriented epitaxial growth method, enhanced UC luminescence coupled with prolonged UC lifetimes were also detected in Tm@Er@pure NaYF 4 nanorods. These results clearly demonstrate that the design strategy we adopted for inhibiting CR-ETs of multiple Ln 3+ ions can be readily generalized for the most promising UC luminescent system of -NaYF 4 , thus revealing the universality of the multilayer-structured strategy we specifically designed for highly enhanced UC luminescence.
Theoretical Analysis for UC
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Supplementary Table   Table S1 . Absolute UC QYs in Ln-doped UC nanoparticles (UCNPs 
